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PNEUMATIC RETRACTABLE SYRINGE 

FIELD OF THE INVENTION 

The invention relates generally to a syringe in Which the 
needle is retracted into the barrel of the syringe following 
use of the syringe, and more particularly to a syringe in 
Which such retraction is effected by pneumatic means. 

BACKGROUND OF THE INVENTION 

It is Well knoWn that many communicable and dangerous 
diseases are spread through contacting the bodily ?uids of an 
infected person. After use of a needle, residual bodily ?uids 
are likely to remain on or Within the needle. For this reason, 
syringes are typically intended for a single use only. In order 
to be handled safely after use, the needle of a syringe must 
be covered to prevent it from accidentally stabbing a person, 
thereby releasing residual bodily ?uids into such person. 
Typically, a protective cap is provided With the syringe, 
Which, after use of the syringe, can be used to cover the tip 
of the needle. HoWever, it is common for medical personnel, 
When attempting to cap a used needle, to miss the cap and 
accidentally stab themselves, resulting in the potential eXpo 
sure to communicable diseases. 

There have been several attempts to address this problem 
by incorporating into syringes, mechanisms for retracting 
the needle into the syringe folloWing use. HoWever, these 
attempts have not, so far, provided a optimal solution to this 
problem. US. Pat. No. 5,334,155 discloses an evacuated 
double Walled protective sheath. Before use, the partial 
vacuum Within the protective sheath causes the sheath to 
fold inWardly upon itself so that the needle eXtends beyond 
the protective sheath and may be used for injections. Sub 
sequent to injection, the double Wall of the protective sheath 
can be breached in one place so that the inside of the 
protective sheath reaches atmospheric pressure. The protec 
tive sheath then eXtends to cover the projecting needle. 
HoWever, the protective sheath may interfere With use of the 
syringe as it may obstruct the vieW of the point the needle 
is to be inserted into on the patient. In addition, it is 
inconvenient to use; after injection, the user must change the 
user’s hand position on the syringe in order to breach the 
double Wall and activate the sheath. 

The protective safety device shoWn in Us. Pat. No. 
5,188,614 is a holloW cylindrical casing that encompasses 
the syringe. A dual component foaming agent is disposed at 
the doWnstream end of the casing. FolloWing injection, the 
tWo components of the dual component foaming agent are 
miXed, creating an expanding foam miXture that forces the 
syringe back and encompasses the needle. HoWever, this 
device suffers from the disadvantages that the casing may 
interfere With the use of the syringe in making injections as 
it changes the dimensions and siZe of the syringe signi? 
cantly. In addition, a considerable amount of material is 
necessary in order to make the protective sheath, increasing 
the eXpense of both making and disposing of the device. 
An optimal solution to the problem of hoW to prevent 

accidental needle stabbing after injection Would include the 
folloWing features: the mechanism should be simple in that 
it employs a minimal number of moving parts and is, 
accordingly, reliable in retracting the needle; syringes incor 
porating the mechanism should be inexpensive to manufac 
ture; the mechanism should not increase signi?cantly the 
Waste plastic, or other materials, to be disposed of after use 
of the syringe; the mechanism should not change hoW the 
needle feels or is operated; and the mechanism should be 
simple to use. The pneumatic retraction mechanism of the 
present invention provides these features. 
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2 
SUMMARY OF THE INVENTION 

An object of one aspect of the present invention is to 
provide a syringe in Which the needle is retracted into the 
barrel of the syringe folloWing use. 

In accordance With one aspect of the present invention 
there is provided a pneumatic safety syringe for reducing the 
risk of accidental needle stabbing after use. The pneumatic 
safety syringe comprises a barrel, a plunger, a needle header, 
a needle, a tube stop and a gas reservoir. The barrel has an 
inner surface, an upstream opening, and a doWnstream 
needle aperture. The plunger mates With the barrel and is 
mounted for aXial movement Within the barrel. The plunger 
has an upstream end that projects from the upstream opening 
of the barrel, and a plunger seal at the doWnstream end of the 
barrel. The plunger seal slidingly contacts the inner surface 
of the barrel in order to impede leakage of ?uid past the 
plunger seal. 
A needle header is mounted in the barrel doWnstream of 

the plunger seal. Before a medicament is injected using the 
syringe, the needle header is situated Within the barrel such 
that the medicament is containable Within the barrel doWn 
stream of the plunger seal and upstream of the needle header. 
A needle projects doWnstream from the needle header. The 
needle has an upstream intake for receiving the medicament 
into the needle. The upstream intake of the needle is attached 
to the needle header. The needle also has a doWnstream tip 
for releasing the medicament into a patient. The doWnstream 
tip of the needle projects out of the doWnstream needle 
aperture of the barrel before use of the syringe. 
The needle header is releasably engaged to the barrel by 

a releasable holding means in order to resist aXial sliding of 
the needle header Within the barrel. The releasable holding 
means situates the needle header and the upstream intake of 
the needle Within the barrel such that the doWnstream tip of 
the needle projects out of the doWnstream needle aperture of 
the barrel. The releasable holding means is released When a 
doWnstream post-injection force is eXerted on the plunger 
and the plunger seal contacts the needle header, thereby 
overcoming the releasable holding means, permitting the 
needle header to slide aXially Within the barrel, and initially 
forcing the needle header doWnstream. 
The barrel also contains a gas reservoir doWnstream of the 

needle header. The gas reservoir is ruptured by the needle 
header When the needle header is forced in a doWnstream 
direction after the releasable holding means is released. 
When the gas reservoir is ruptured, it releases a non-toXic 
compressed gas. The released non-toXic compressed gas is 
contained Within the barrel in order to provide an upstream 
biassing pressure Within the barrel upstream of the gas 
reservoir. The upstream biassing pressure biases the needle 
header to slide upstream. 

In operation, When an injection force is applied to the 
plunger, the plunger seal imparts a doWnstream biassing 
pressure to the medicament contained in the barrel betWeen 
the plunger seal and the needle. This doWnstream biassing 
pressure is su?icient to force the medicament through the 
upstream intake and into a patient via the doWnstream tip by 
the plunger. The releasable holding means resists the doWn 
stream biassing pressure eXerted on the needle header by the 
medicament as the medicament is forced through the 
upstream intake. After substantially all of the medicament is 
forced into the needle, the plunger seal seals the needle 
intake. The doWnstream post-injection force eXerted by the 
plunger overcomes the releasable holding means, thereby 
releasing the needle header to slide doWnstream. When the 
needle header ruptures the gas reservoir, the upstream bias 
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sing pressure of the released non-toxic compressed gas, 
biases the needle header to slide upstream Within the barrel, 
thereby effecting WithdraWal of the needle Within the barrel. 

BRIEF DESCRIPTION ON THE INVENTION 

A detailed description of the preferred embodiments are 
provided herein beloW With reference to the following 
draWings in Which 

FIG. 1, in a sectional vieW, illustrates a pneumatic retract 
able syringe in accordance With a preferred embodiment of 
the invention; 

FIG. 2 is an enlarged sectional vieW of the pneumatic 
retractable syringe of FIG. 1; and, 

FIG. 3 is an enlarged sectional vieW of the needle header 
of the pneumatic retractable syringe of FIG. 1. 

In the draWings, preferred embodiments of the invention 
are illustrated by Way of example. It is to be expressly 
understood that the description and draWings are only for the 
purpose of understanding, and are not intended as a de?ni 
tion of the limits of the invention. 

DETAILED DESCRIPTION ON THE 
INVENTION 

Referring to FIG. 1, there is illustrated in a sectional vieW, 
an pneumatic safety syringe 20 in accordance With a pre 
ferred embodiment of the invention. The syringe 20 includes 
a barrel 22 having an inner surface 24, an upstream opening 
26 and a doWnstream needle aperture 28. A plunger 30 ?ts 
Within the barrel 22 Within a tolerance permitting the 
plunger 30 to slide Within the barrel 22, While constraining 
the plunger 30 against rattling Within the barrel 22 and 
providing some frictional resistance to longitudinal sliding 
of the plunger 30 Within the barrel 22. The plunger 30 has 
an upstream end 32, preferably a thumb grip 32, and plunger 
seal 34 at a doWnstream end. The plunger seal 34 slidingly 
engages the inner surface 24 so as to impede leakage of ?uid, 
Whether air or a medicament 48, past the plunger seal 34 of 
the plunger 30. 

Referring to FIG. 3, a needle header 36 is mounted in the 
barrel 22 doWnstream of the plunger seal 34 of the plunger 
30. The needle header 36 secures the needle 38 in place 
Within the barrel 22 such that a doWnstream tip 42 of the 
needle 38 projects out of the doWnstream needle aperture 28 
of the barrel 22. The needle 38 has an upstream needle intake 
40 Which is attached to the needle header 36. The needle 
header 36 is secured to the inner surface 24 by a releasable 
holding means or tube stop 44 that resists sliding of the 
needle header 36 Within the barrel 22. The releasable tube 
stop 44 can be overcome by a doWnstream post-injection 
force applied to the plunger 30, thereby causing the needle 
header 36 to slide axially doWnstream Within the barrel 22. 
Preferably, the needle header 36 is generally disc-shaped and 
has an outer circular edge that touches the inner surface 24 
of the barrel 22. In one embodiment, this outer circular edge 
has an inner concave recess 64, that is aligned With an outer 
concave recess 66 in the inner surface 24, to de?ne a 
generally ring-shaped holloW. In such embodiment, the 
releasable tube stop 44 is an o-ring 44 located in the 
generally ring-shaped holloW. As there is insuf?cient room 
to accommodate the o-ring 44 in just one of the recesses, the 
o-ring 44 must be broken if the recesses are to slide past each 
other. Thus, for example, if the needle header 36 is forced 
doWnstream, the generally ring-shaped holloW Will become 
smaller as it Will be de?ned by the doWnstream part of the 
outer concave recess 66 and the upstream part of the inner 
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4 
concave recess 64 alone, and not by the entirety of both 
recesses. Thus, the o-ring 44 Will become compressed 
betWeen the doWnstream part of the outer concave recess 66 
and the upstream part of the inner concave recess 64. The 
o-ring 44 resists this compression, thereby resisting mis 
alignment of the inner concave recess 64 and outer concave 
recess 66 and axial sliding of the needle header 36. 
Preferably, the o-ring 44 Will be sufficiently incompressible 
to resist ?tting Within one recess alone. Thus, in order to 
permit the recesses to slide past each other, suf?cient force 
must be applied to overcome this resistance to compression 
or deformation of the o-ring 44. 
A gas reservoir 46 is situated doWnstream of the needle 

header 36 Within the barrel 22. By applying the doWnstream 
post-injection force on the plunger 30 to force the needle 
header 36 to slide axially doWnstream after all of the 
medicament 48 has been injected, the gas reservoir 46 can 
be ruptured, thereby releasing a non-toxic compressed gas 
47. Preferably, the gas reservoir 46 is ruptured by a pair of 
spikes 58 that project doWnstream from the plunger seal 34. 
The pair of spikes 58 penetrate tWo aligned release valves 60 
in the gas reservoir 46 When the needle header 36 is forced 
doWnstream by the plunger 30 after the o-ring 44 has been 
overcome by a doWnstream post-injection force exerted on 
and by the plunger 30. Preferably, the release valves 60 are 
Weakened portions of the gas reservoir 46, and are more 
easily penetrated as a result. 

In order to impede leakage of compressed gas 47 from the 
doWnstream needle aperture 28, a needle membrane 68 
preferably surrounds the needle 38 Where the needle 38 
passes through the doWnstream needle aperture 28. The 
needle membrane 68 is ?xed to the barrel 22 at and around 
the doWnstream needle aperture 28, and is tapered by 
preferably about 30 degrees Where the needle membrane 68 
contacts the needle 38. Once the needle 38 has been 
retracted, the needle membrane 68 Will cover the doWn 
stream needle aperture 28 so as to impede the re-extension 
of the needle 38 through the doWnstream needle aperture 28. 

In operation, after charging of the syringe 20 With the 
medicament 48 such that the barrel 22 contains the medi 
cament 48 betWeen the plunger seal 34 of the plunger 30 and 
the needle header 36, the medicament 48 is injected into a 
patient by applying an injection force to the plunger 30. 
Although, the medicament 48 While being injected is placed 
under pressure by the plunger 30 and therefore exerts a 
doWnstream pressure on the needle header 36, the resulting 
force on the needle header is not suf?cient to overcome the 
o-ring 44. Thus, the o-ring 44 resists axial sliding Within the 
barrel 22 While the medicament 48 is being injected. After 
substantially all of the medicament 48 has been injected, the 
plunger seal 34 of the plunger 30 seals the upstream intake 
40 of the needle 38 and the doWnstream tip 42 of the needle 
38 is WithdraWn from the patient. Then a post-injection force 
is applied to the plunger 30; the post-injection force must be 
greater than the injection force as it must be suf?cient to 
overcome the resistance to compression or deformation of 
the o-ring 44. Preferably the force required to overcome 
resistance to deformation of the o-ring 44 is in the order of 
5 psi. 
The plunger seal 34 has a pair of spikes 58 projecting 

doWnstream. The spikes 58 are With the release valves 60 in 
the gas reservoir 46. As the needle header 36 is pushed 
doWnstream, the spikes 58 penetrate the release valves 60 
thereby releasing the compressed gas 47. This released 
compressed gas 47 exerts an upWards biassing pressure on 
the needle header 36 and plunger 30 that forces both the 
needle header 36 and plunger 30 upstream, thereby retract 
ing the needle 38 Within the barrel 22. 
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As the downstream tip 42 of the needle 38 passes through 
the downstream needle aperture 28 of the barrel 22, the 
tapered portion of the needle membrane 68 ?attens to cover 
the doWnstream needle aperture 28, thereby impeding 
re-eXtension of the needle 38. 

The released compressed gas 47 forces the plunger 30 
upstream such that the plunger seal 34 of the plunger 30 is 
forced upstream of a plunger lock 50. The plunger lock 50 
impedes the plunger seal 34 of the plunger 30 from subse 
quently sliding doWnstream of the plunger lock 50. In the 
embodiment shoWn in FIG. 2, the plunger lock 50 has a 
doWnstream face that is shalloW relative to the portion of the 
inner surface 24 surrounding the plunger lock 50 and a 
upstream face that is steep relative to the portion of the inner 
surface 24 surrounding the plunger lock 50. When the 
released compressed gas 47 forces the plunger 30 upstream, 
the plunger seal 34 of the plunger 30 is sufficiently com 
pressible to enable the plunger seal 34 to ride over the 
shalloW doWnstream face of the plunger lock 50. Once the 
plunger seal 34 is upstream of the plunger lock 50 the steep 
upstream face of the plunger lock 30 Will impede subsequent 
doWnstream movement of the plunger 30. 

Variations in What has been described and illustrated in 
this speci?cation Will readily occur to those skilled in the 
technology. For eXample, breakable tabs could replace the 
o-ring 44. Instead of being penetrated by the spikes 58, the 
gas reservoir 46 could be broken by being crushed by the 
needle header 36 or being torn aWay from the inner surface 
24, thereby being torn open by the doWnstream movement 
of the needle header 36. In another embodiment, a ?otation 
gasket is mounted for aXial sliding Within the barrel 22, and 
is located doWnstream of the needle header 36. The spikes 
58 can project through the ?otation gasket to rupture the gas 
reservoir 46. The ?otation gasket has a symmetrical con 
?guration so as to evenly force the needle header 36 
upstream, thereby helping the needle header 36 to avoid 
becoming stuck and unable to slide Within the barrel 22. In 
this embodiment, the gas reservoir 46 and release valves 60 
are preferably con?gured so as to provide a substantially 
symmetrical upstream biassing pressure against the ?otation 
gasket, thereby aiding the ?otation gasket in evenly forcing 
the needle header 36 upstream to prevent the needle header 
36 from becoming stuck and unable to slide Within the barrel 
22. Accordingly, the invention is not to be limited by the 
speci?c embodiments above; the scope of the invention is as 
de?ned in the claims. 
What is claimed is: 
1. A pneumatic safety syringe for reducing the risk of 

accidental needle stabbing after use, the pneumatic safety 
syringe comprising 

(a) a barrel having an inner surface, an upstream opening 
and a doWnstream needle aperture; 

(b) a plunger mating With said barrel for aXial movement 
Within said barrel, said plunger having 
(i) an upstream end, said upstream end of said plunger 

projecting from said upstream opening of said barrel, 
and 

(ii) a plunger seal at a doWnstream end of said plunger 
Within said barrel, said plunger seal slidingly engag 
ing said inner surface of said barrel so as to impede 
leakage of ?uid past said plunger seal; 

(c) a needle header mounted in said barrel doWnstream of 
said plunger seal, said needle header being situated 
Within said barrel before injecting a medicament using 
the syringe, such that said medicament is containable 
Within said barrel doWnstream of said plunger seal and 
upstream of said needle header; 
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6 
(d) a needle having 

(i) an upstream intake for receiving the medicament 
into said needle, said upstream intake of said needle 
being attached to said needle header; and, 

(ii) a doWnstream tip for releasing the medicament into 
a patient, said doWnstream tip of said needle pro 
jecting out of said doWnstream needle aperture of 
said barrel before use of the syringe, 

(e) a releasable holding means Within said barrel, said 
releasable holding means releasably engaging said 
needle header and said barrel 
(i) in order to resist aXial sliding of said needle header 

Within said barrel, 
(ii) such that said needle header and said upstream 

intake of said needle are situated Within said barrel 
so that said doWnstream tip of said needle projects 
out of said doWnstream needle aperture of said 
barrel, and 

(iii)such that said releasable holding means is released 
When a doWnstream post-injection force is exerted 
on said plunger and said plunger seal contacts said 
needle header, thereby overcoming said releasable 
holding means, permitting said needle header to slide 
axially Within said barrel, and forcing said needle 
header doWnstream; and, 

(f) a gas reservoir Within said barrel doWnstream of said 
needle header, said gas reservoir 
(i) being ruptured by said needle header When said 

needle header is forced in a doWnstream direction 
after said releasable holding means is released, and 

(ii) releasing a non-toXic compressed gas When 
ruptured, said non-toXic compressed gas being 
released and contained Within said barrel in order to 
provide an upstream biassing pressure Within said 
barrel upstream of said gas reservoir, said upstream 
biassing pressure biassing said needle header to slide 
upstream; 

Wherein 

(g) When an injection force is applied to said plunger, said 
plunger seal imparts a doWnstream biassing pressure to 
said medicament contained in said barrel betWeen said 
plunger seal and said needle header, said doWnstream 
biassing pressure of said medicament being suf?cient to 
force said medicament through said upstream intake 
and injected into a patient via said doWnstream tip by 
said plunger, and, said releasable holding means resist 
ing said doWnstream biassing pressure eXerted on said 
needle header by said medicament as said medicament 
is forced through said upstream intake; 

(h) after substantially all of the medicament is forced into 
said needle, said plunger seal seals said needle intake 
and said doWnstream post-injection force eXerted by 
said plunger overcomes said releasable holding means, 
thereby releasing said needle header to slide doWn 
stream; and 

(i) When said needle header ruptures said gas reservoir, 
said upstream biassing pressure of said non-toxic com 
pressed gas biases said needle header to slide upstream 
Within said barrel, thereby effecting WithdraWal of said 
needle Within said barrel. 

2. Apneumatic safety syringe as de?ned in claim 1 further 
comprising a plunger lock for blocking doWnstream move 
ment of said plunger after retraction of said needle, Wherein 
during retraction of said needle, said compressed gas forces 
said plunger seal past said plunger lock such that said 
plunger seal is upstream of said plunger lock, and after 
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retraction said plunger lock impedes said plunger seal from 
subsequently sliding downstream of said plunger lock, 
thereby impeding re-eXtension of said needle through said 
doWnstream needle aperture. 

3. A pneumatic safety syringe as de?ned in claim 2 
Wherein said plunger lock has a shalloW doWnstream side 
and a steep upstream side such that When said gas reservoir 
is ruptured, said plunger seal is forced over said shalloW 
doWnstream side by said biassing pressure of said com 
pressed gas, and When said plunger seal is upstream of said 
plunger lock, said steep upstream side of said plunger lock 
blocks subsequent doWnstream sliding of said plunger. 

4. A pneumatic safety syringe as de?ned in claim 2, 
further comprising a spike pointing doWnstream on said 
plunger seal, Whereby after said releasable holding means 
has been released by said plunger, and said needle header is 
being forced axially doWnstream by said plunger, said spike 
penetrates said gas reservoir, thereby rupturing said gas 
reservoir and releasing said compressed gas. 

5. A pneumatic safety syringe as de?ned in claim 4 
Wherein said gas reservoir comprises a release valve aligned 
With said spike, such that said spike penetrates said release 
valve When said needle header is forced aXially doWnstream 
by said plunger, thereby rupturing said gas reservoir and 
releasing said compressed gas. 

6. Apneumatic safety syringe as de?ned in claim 5 further 
comprising a ?otation gasket mounted for aXial sliding 
Within said barrel and situated doWnstream of said needle 
header Within said barrel, said ?otation gasket being sym 
metrically con?gured about the central aXis of said barrel so 
as to evenly force said needle header upstream, thereby 
reducing the risk of said needle header becoming stuck and 
unable to slide Within said barrel before said needle is fully 
retracted, Wherein said spike can project through said ?o 
tation gasket to rupture said gas reservoir When said doWn 
stream post-injection force is applied to said plunger. 

7. A pneumatic safety syringe as de?ned in claim 6 
Wherein said release valve is situated such that said biassing 
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pressure eXerted by said compressed gas Within said barrel 
is symmetrical about the central aXis of said barrel, thereby 
reducing the risk that said needle header Will become stuck 
and unable to slide Within said barrel. 

8. A pneumatic safety syringe as de?ned in claim 6 
Wherein said releasable holding means comprises an o-ring 
gasket, said inner surface of said barrel having an outer 
concave recess and said needle header having a circular edge 
With an inner concave recess, said inner concave recess and 

said outer concave recess being aligned to de?ne a generally 
ring-shaped holloW before use of the syringe, said o-ring 
being located in said generally ring-shaped holloW and 
impeding aXial sliding of said needle header Within said 
barrel by resisting dis-alignment of said inner concave 
recess and said outer concave recess. 

9. Apneumatic safety syringe as de?ned in claim 8 further 
comprising a needle membrane for impeding leakage of said 
compressed gas through said doWnstream needle aperture. 

10. A pneumatic safety syringe as de?ned in claim 9 
Wherein said doWnstream needle aperture comprises a self 
sealing means for impeding said needle from being 
re-eXtended through said doWnstream needle aperture after 
said needle has been retracted into said barrel. 

11. A pneumatic safety syringe as de?ned in claim 10 
Wherein said self-sealing means comprises a sealing 
membrane, said sealing membrane being tapered at an angle 
Where said sealing membrane contacts said needle at said 
doWnstream needle aperture, such that said sealing mem 
brane permits said needle to be retracted into said barrel, 
and, When said needle is retracted past said sealing 
membrane, said sealing membrane collapses to cover said 
doWnstream needle aperture. 

12. A pneumatic safety syringe as de?ned in claim 1 
Wherein after all of said medicament is forced into said 
needle, said plunger seals said needle intake by covering 
said needle intake. 


